Using the activation technique (p,n)-reaction cross sections of the tin isotopes with A=115, 116 and 120, the first of which is a p-process isotope, have been measured in the proton energy range between 4.5 and 9.0 MeV, corresponding to stellar temperatures T 9 > 3. Thin selfsupporting foils of enriched tin isotopes were irradiated at the Kharkiv linear accelerator with proton beam intensities of (100…150) 
Introduction
The majority of the natural isotopes of intermediate and heavy elements were synthesized in stars via slow (s) and rapid (r) processes of neutron capture and following β --decays [1] .
Proton and α-particle induced reactions occur in hydrostatic stellar burning but are more relevant for lighter elements due to the Coulomb barrier hampering charged particle reactions with heavier targets. However, the inverse process to capture-photodisintegration-can release charged particles in hot stellar environments and thus produce proton-rich isotopes. Thus, stellar nucleosynthesis creates elements from decays of radioactive nuclei from both the left and right side of the valley of stability. For example, there are 32 stable isotopes in the mass number region 74≤A≤196 shielded from the direction of neutron rich radioactive nuclei which can be solely synthesized in the so-called p-process. At typical temperatures of (2-3)× 10 9 Kelvin (K), a complicated sequence of γ-dissociation processes as well as p-and α-particle induced reactions below the Coulomb barrier contribute to the nucleosynthetic yields, producing neutron deficient nuclei.
There are several compilations of both experimental [cf. 2, 3] and theoretical [4] nuclear reaction cross sections needed for astrophysical simulations, covering the temperature range up to T=10 10 K, corresponding to proton bombarding energies of about 8 MeV in the tin region.
The scarcity of available experimental data and the necessity to know reaction cross sections of a multitude of radioactive nuclei at low energies, which cannot be measured at laboratory conditions, underline the significance of theoretical calculations. The statistical model of Hauser-Feshbach (H-F) is usually used for this aim. There are computer codes [5, 6, 7] implementing H-F theory which are especially tailored for the calculation of astrophysical cross sections and reaction rates. New experimental nuclear reaction cross sections are required for data compilations used in the simulation of nucleosynthesis scenarios and to help the further development of theories and model parameterizations. Even though reactions induced by the charged particles released in the p-process photodisintegration may only be important in a short freeze-out phase, they can be used as an independent test of the applied cross section predictions. Moreover, information can also be obtained about the reverse reaction by applying detailed balance. Using the activation technique, we have earlier [8] 
Experiment
To measure the cross sections of the (p,n)-reactions studied here, the targets were irradiated with the beam of the proton linear accelerator of the Kharkiv Institute of Physics and Technology. The self-supporting metallic foils of (3-6) mg cm -2 thickness and 22 mm diameter made from enriched tin isotopes (supplied by the State Fund of Stable Isotopes, Russia) by the electrolytic deposition technique [9] were employed in the experiment. Enrichment and major contaminants of the targets are listed in Table 1 . The targets were mounted at the bottom of a Faraday cup with secondary electron suppression. The proton energy was decreased with pure aluminum foils-absorbers and, within small limits, also by the method of energy variation of linear accelerator beams developed at NSC KIPT [10] . Thinner target foils were irradiated at the lower incident proton energies to supply smaller energy losses. The energy losses in the Alabsorbers and studied tin targets were determined by a code calculating the energy degradation using the range-energy relation [11] . The total uncertainty in each proton energy determined as a root-mean-square value of the individual uncertainties of the initial proton energy (up to 100 keV) and of degradation in the foils did not exceed 130 keV. The beam current was measured with the charge integrator and typically amounted to 100-150 nA. The length of irradiation depended on the half-life of the residual nucleus studied and was chosen to be equal to about 3T 1/2 . The foils were irradiated one by one in the majority of cases since the residual nuclei have half-lives comparable to the irradiation and measurement time. Additional measurements were made for the production cross sections of the long-lived 120m Sb isomer, using a stack of foils sandwiched between thin Al absorbers and irradiating them with the maximum energy proton beam. The irradiation time for this case was lengthened to 8 hours. The beam current incident upon the Faraday cup was recorded in small time intervals in order to be able to account for beam fluctuations in the later off-line activity measurements and the cross section determination.
The activity of each irradiated target was measured with a Ge(Li) detector located at a low background counting area far from the accelerator. The targets were placed at a distance assuring a low dead time (<4% Ce, 241 Am sources in the same geometry as used for the measurements. The half-lives, energies and branching ratios of the strongest γ-transitions following the β-decay of the produced Sb isotopes are listed in Table 2 [12].
PoS(NIC-IX)204 PoS(NIC-IX)204 PoS(NIC-IX)204
(p,n) Reactions on 115, 116, 120 Sn Ye. Skakun 4 Experimental cross sections of the reactions studied were derived using the activation equation, taking into account the decay of activity during irradiation, cooling and measurement time. The measurement time was usually chosen to be equal to the irradiation time. The typical total root-mean-squared uncertainty of each experimental cross section resulting from all individual errors (the surface density of target nuclei, incident proton beam current, detector efficiency, counting statistics and decay data) was in the range (7-13)%, except at the lowest energy point for the reaction 116 Sn(p,n) 116 Sb for which it exceeded 30%. The estimates made by means of some known experimental values of (p,γ)-reaction cross sections on tin isotopes [13, 14] and theoretical calculations show negligible contribution to activities from radiative capture on the contaminants of our enriched targets. The review of current radioactive nuclei decay data bases (ENSDF, NUDAT, TOI [12] ) shows the good agreement with the Brown and Firestone [15] compilation used in [8] , except for the 
Results and Discussion
The results of our investigations are presented in Figure 1 . There is also some discrepancy between Johnson et al [15] and our experimental results for the low-energy part of 120 Sn(p,n) 120 Sb. Reaction rates were derived by combining data and theory.
